This paper uses a fuzzy-fuzzy stochastic dominance approach to compare patients' leakages in the Canadian and the U.S. health care systems. Leakages are defined in terms of individuals who are in bad health and could not have access to health care when needed. To carry his comparison we rely on the assumption that Canada is a strong counterfactual for the U.S. We first develop a class of fuzzy leakages indices and incorporate them in a stochastic dominance framework to derive the dominance criterion. We then use the derived criterion to perform inter-country comparisons on the global level. To provide more insight, we decompose the analysis with respect to gender, ethnicity, income and education. Intra-country comparisons reveal the presence of income based leakage inequalities in both countries yet, gender, ethnic and education based disparities appear to be present in the U.S. only. As for inter-country comparisons, results are in general consistent with the hypothesis that leakages are less important under the Canadian health care system.
Introduction
The debate on whether or not the United States should have a universal health care system has been open for decades and was revived with the late congressional elections. The U.S. and Canada share a lot of similarities yet, they maintained (for a long period) different health policies. These similarities and the geographical proximity have provided health economists with a quasi-natural experiment environment in which Canada appears to be a strong counterfactual for the U.S. In addition, the implementation of the Joint Canada U.S. Survey of Health (JCUSH) provides comparable data that sets the ground for the development of a precious literature on the comparison of the two health care systems.
The literature that dealt with the comparison of the Canadian and the American health care systems is still inconclusive. While a lot of studies seem to be in favour of the relative performance of the Canadian system, another body of the literature suggests that the instruments used and the methods utilized might be driving these results (Murray, 2002; Murray and Evans, 2003; Guyatt et al., 2007; O'Neill and O'Neill, 2007) . 1 In addition, despite the presence of a diversified literature that deals with inter/intracountry comparisons of health outcomes and access to health services, to our best knowledge, there are a no studies that tackle these two dimensions simultaneously. 2 The goal of this paper is to develop a "fuzzy-fuzzy" stochastic dominance approach to compare the extent to which the Canadian and the US health care systems are failing to provide access to vulnerable individuals who are in need for treatment (leakages). 3 Two reasons justify our interest in assessing leakages in these health care systems. First, ensuring adequate access to health care per se is an important policy objective. By focusing on individuals who leak from the health care system we study a basic question: unmet health care needs. Second, the recent implementation of the universal health care system is a raising public concerns around the possible negative repercussions for the U.S. namely: increased accessibility 1 See also Alegria et al. (2000) , Blendon et al. (2002) , Schoen and Doty (2004) , Sanmartin et al. (2006) , Van Doorslaer et al. (2006) , Eng and Feeny (2007) , Katz and Hofer (1994) , O'Neill and O'Neill (2007) , Feeny et al. (2010) , Guyatt et al. (2007) , Evans and Ross (1999) , Lasser et al. (2006) , Ross et al. (2001) , Manuel and Mao (2002) and Kunitz and Pesis-Katz (2005) . 2 See the literature review for more details 3 Note that leakage refers to the fact that people who are not in perfect health, are in need for treatment and do not have access to it for reasons that are not related to personal choice or preference.
hurdles. 4 This controversy was reinforced by the accessibility problems often associated with the presence of a universal health care system in Canada.
To carry this comparison we rely on the assumption that Canada is a strong counterfactual for the United States. We first classify individuals according to their health status using Health Utility Index Mark3 (HUI3) in a fuzzy set framework. Thus, for all individual, we specify a gradual transition between health statuses through a membership function. 5 Second, we incorporate the specified membership function in a stochastic dominance framework and derive the stochastic dominance criterion using a "fuzzy-fuzzy" approach. To provide more insight, we decompose the stochastic dominance analysis by gender, ethnicity, income and education.
Comparing the two health care systems raises several challenges. On the methodological level, the linguistic nature of the health status (HUI3) variable implies that this variables has unclear boundaries.
In fact, the HUI3 is continuous but its values can still be associated with linguistic variables whose frontiers are mistakenly defined as crisp. If the transition from one health status to another does not occur gradually, then people who are located at the margin of the cut-off point are likely to be classified into two different sets despite their strong similarities. To address this issue we use a fuzzy set framework (Zadeh, 1965) and specify a membership function that allows for gradual transitions. 6 A gradual transition imposes fuzziness on the health status variable that mimics better the reality of this non-sharply defined linguistic variable. 7 Nevertheless, the use of Zadeh's fuzzy set approach does not come without a cost: the choice of the parametric form of the membership function is quite arbitrary. Thus the results obtained may be contingent to the specific mathematical form specified. This is why we incorporate the membership function in a stochastic dominance framework and derive a stochastic dominance condition. The use of the stochastic dominance approach mutes the impact of the structure imposed on the membership function 4 We acknowledge that only part of the U.S citizens are covered by private insurance. In this paper we don't make the distinction between insured and uninsured U.S. citizens. 5 There is a wide variety of health measures. In this section we use a continuous preference based measure of Health Related Quality of Life: HUI3 and build a membership function using the equivalences provided in Humphries and Van Doorslaer (2000) . 6 The intuition behind this approach is that an individual can have a certain degree of non mutually exclusive belongingness to a specific state. 7 For instance, the same individual can be considered as being to some extent in good health or to some extent in bad health instead of either in good or bad health.
and produces results that are robust to any parametric membership function. 8
In addition, from an empirical perspective, the choice of the comparison criteria is a delicate task. The accessibility measures utilized in the literature did not account for health status. Furthermore, the most frequently used health related performance measures (i.e., infant mortality and life expectancy) were often critiqued as they pick up effects that are unrelated to the health care system's quality (or accessibility) but rather the differences in health endowments, lifestyle as well as differences in environmental factors that may be endogenous to the health care system itself. 9 Consequently, it is difficult to disentangle whether the relative performance of the health care system is a cause or a consequence of the poor health outcome.
While this paper does not address directly this issue, it gets around it by focusing on a specific measure (leakages) that allows us to abstract from initial health endowments and lifestyle while accounting for health status. 10
In this study we use the HUI3 as well as information regarding unmet health care needs from JCUSH to compare the population's accessibility hurdles for those who are in need for it in Canada and the U.S.
A particular advantage of this survey resides in the availability of the same variables for both countries:
the variables were collected in the same way during the same period. The implementation of this survey reduced the limitations that previous studies encountered while using of variables from different surveys to conduct inter-country comparisons. The stochastic dominance results show that on a global level the Canadian health care system has fewer leakages than the American system. Given the importance of the income-health gradient and gender health disparities reported in the literature, we tested wether such a gradient and disparities exist within and between the two countries. In addition, since racial inequalities are quite prominent in the United States we checked whether there are inter/intra-country differences in leakages for the non white population. Intra-country comparisons results are consistent with the hypothesis of the presence of income based leakage disparities for both countries yet, gender,
8 This holds for any monotonically decreasing membership form. 9 Note that obesity rates, low birthweight (teen pregnancy), and non disease death rates are more prominent in the U.S than in Canada. 10 It is important to note that in this paper we focus on a very specific population: individual who are to a certain extent in bad health (i.e., not in perfect health) and who have expressed that they did not have access to health care because of reasons that are not related to personal preferences or to personal choice.
ethnic, and education based inequalities appear to be present exclusively in the U.S. Further inter-country socio-demographic and socio-economic comparisons show that disparities in general are stronger in the U.S.
The remainder of the paper runs as follow. In the next section, we provide a brief review of the related literature. In section three, we build a class of fuzzy leakage indices and develop stochastic dominance conditions to test wether a ranking of two health systems will be unanimous for all indices. The fourth section applies this methodology to the comparison of the Canadian and U.S. health systems using JCUSH data. The last section of the paper concludes.
Review of Literature
This paper addresses the following question: which health care systems is better at providing access to individuals in poor health who are in need for treatment? It also uses an original approach to stochastic dominance namely: a fuzzy-fuzzy approach. While the question addressed is empirical in nature, it is important to note that it requires the development of a theoretical framework as well as specific stochastic dominance criterion on which the comparisons will be based.
In the economic literature, fuzzy set theory was extensively used in poverty measurement. It was initiated by Cerioli and Zani (1990) who were the first to point out that the transition between a state of deprivation to a state of non deprivation is gradual. In addition, Chiappero Martinetti (1994) pointed that fuzzy set approach is appropriate in the context of mutli-dimensional poverty analysis. 11 This is why most of this literature was developed mainly in the context of multi-dimentional poverty measurement. 12
Yet, the use of fuzzy set theory was not limited in the field of poverty measurement, Bérenger and Verdier-Chouchane (2007) apply it to the measures of well being such as human development indices (HDI), standards of Living (SL) and quality of Life (QL) and provide comparisons for 170 countries.
While our paper is broadly inspired from this study, it remains quite distinctive from it in respect to the methodology (stochastic dominance), the measure used (HUI3) and the empirical question addressed 11 See also, Chiappero Martinetti (1996) , Martinetti (2000) . 12 Further extensions were carried to this approach by Cerioli and Zani (1990) and Cheli (1995) among others and applied by Lelli (2001) , Mussard and Pi Alperin (2007) Qizilbash (2002) and Qizilbash (2003) .
(leakages).
Also, there is a line of research in epidemiology applying fuzzy logic to risk estimators, decision making, probabilities (for details see Massad et al., 2003) and health status variables (Sadegh-Zadeh, 1999; Costa et al., 2004) . In fact, disease diagnosis implies many levels of imprecisions and uncertainties since most diseases' description is based on linguistic terms that are often vague. The use of fuzzy set approach makes health and presence of disease complementary (to a certain extent) rather than dual (SadeghZadeh, 1999) . In addition, it provides gradual transition between one state and another gradual which represents better health status variables such as quality of life (Costa et al., 2004) . While there is a body of literature in epidemiology that uses fuzzy logic, to our best knowledge no study incorporates it in a stochastic dominance framework. 13
As for the literature that compares the relative performance of the Canadian and U.S. health care system most of it mainly tackled mainly two aspects: (1) health outcomes (2) access to health care. 14 The studies that focused on inter-country comparisons of population health outcomes mainly used self reported health status and health related quality of life measures but no fuzzification was performed to account for gradual transitions. Empirical evidence using these different measures reveal that on average there are no significant differences between the American and the Canadian population health. Nevertheless, there are differences in population health outcomes based on race and ethnicity and income groups. Sanmartin et al. (2006) using self reported health status pointed that health status is fairly similar in both countries yet there are higher income inequalities in the US. Similarly, Eng and Feeny (2007) using HUI3 found that on average population's health outcomes are similar in both countries but there are differences between these two populations at the low levels of education and income. Also, Lasser et al. (2006) and Canada. They emphasize that health disparities based on race, although present in both countries, are more prominent in the U.S.. 15
13 It is important to mention that Makdissi and Wodon (2004) is the only study in the stochastic dominance literature that incorporates fuzzy logic however they apply it to poverty measures. 14 Some papers looked at both aspects but tackled each of them separately. From a health care access perspective, it appears that on the global level Canadians more likely to have a regular doctor and less likely to have unmet health care needs (Lasser et al., 2006 ) yet the differences between the two populations are the same once we compare to the insured population in the U.S. (Sanmartin et al., 2006) . One caveat in these studies is that they do focus on access without considering health measures of the individuals which may result in a overestatement of the unmet health care access needs.
While most of the literature that dealt with inter-country comparisons focus on either measure of health status or access measures this papers uses another performance measure (leakages) in a fuzzy fuzzy stochastic dominance approach. More specifically, we adopt a fuzzy approach to HUI3 to account for the imprecision in the health status variable. Given that the results obtained from such a transformation may be contingent to the parametric form of the fuzzification procedure, we incorporate this transformation in a stochastic dominance framework and derive robust dominance criteria.
Methodology
In this section, we will briefly introduce the theory of fuzzy sets, we then develop a class of fuzzy leakage indices for the comparisons of a pair of health systems. Finally we incorporate the fuzzy set approach in the stochastic dominance framework and derive a stochastic dominance criterion that identifies rankings that are unanimous for all fuzzy leakage indices. By introducing stochastic dominance framework we add an additional fuzzifying layer to the analysis such that the results will be independent from the membership function's parametric form. 16
Fuzzy Set Theory
The fuzzy set theory is a way to handle unclear boundaries that arise from having deal with linguistic variables that usually refer to vague concepts and that are often context dependent. It was introduced in the seminal work by Zadeh (1965) in which he proposed a new way of dealing with the fuzziness of the information about the membership degree of a given variable x, to a particular state S. 17 Thus, 16 Provided this membership function is monotonically decreasing. 17 The first article considering the application of the fuzzy sets theory was also written by Zadeh in 1968 using this concept of fuzziness one can assume that there are intermediate membership values and that these values vary between 0 and 1. Zadeh's contribution to the set theory makes it possible to answer the following question: to what extent the statement "x is S" is true? One advantage of this approach over the classical set theory lies in the flexibility of the membership function. It thus makes it easier to deal with the vagueness of the linguistic variables that are usually quite difficult to classify precisely (e.g., good or bad health). 18 While in the classical set theory an individual belonging function is dichotomous, this same function becomes vague once transposed in the fuzzy set framework. For illustrative purpose, let us assume that we have two individuals (i = a, b). Suppose that x a and x b are such that S (x a ) = 0.75 and S (x b ) = 0.25 where the numerical value associated with s (x i ) reflects how much "x is S" is true.
Using the framework of fuzzy set theory, both individuals are considered to be in the same state with different degree of belonging. Yet, classifying these same individuals using the classical set theory would have yielded different results: "x is S" would have been true for individual a only. Linguistic variables are frequently used and are often available in all surveys (e.g., excellent health, can hardly walk 4 km, frequently fetched water). The use of terms such as excellent, frequent, hardly are used to reflect the intensity of a particular state that can be associated with a numerical value. Let us assume that we have an adequate numerical measure of this intensity, and that we have a threshold t below which 18 See Zadeh (1975) for more details an individual would belong to S and above which an individual would belong to 1 − S (see figure 1) . Then using the classical set theory, individuals that are at the boundary of this threshold present a classification challenge as the boundary between these two states is not clear. The use of the fuzzy set framework is crucial to overcome such classification dilemmas as it provides a membership function to a particular state that varies in intensity (see figure1). In principle there are many membership functions that are associated with linguistic predicate, any continuous function defined between 0 and 1 is a candidate regardless of its shape. 19 In this paper, the membership function is assumed to be monotonically decreasing in health status. Apart from that, our choice of the membership is somehow arbitrary nevertheless, as we will show later, our results will be independent from the particular parametric form chosen. At this point it is important to mention that this arbitrary choice comes without a cost on the applicability of mathematical operators. 20
Fuzzy Set Approach to Health Status
Let G be the set of individuals in good health and B be the set of individuals in bad health. Assume that we have a continuous variable h that describes objectively the health status of individuals. Then, using the traditional set theory one can define those sets as follows:
and
where h i represents the health status of individual i and u is a threshold below which an individual is considered in bad health. Given these definitions it follows that, if
. However, since the inherent linguistic distinction between being in good or bad health is less crisp than the traditional set theory, we can use fuzzy sets framework. In such a framework, we specify a continuous membership function B (h) ∈ [0, 1] which indicates the degree to which an individual is 19 The most commonly used membership functions are triangular, trapezoidal, Gaussian and sigmoidal 20 By mathematical operators we mean, fundamental operations such as union, intersections and complement and their characteristics functions commutativity, associativity, idempotency, distributivity, involution.
considered as being in bad health. Therefore, a person can be considered simultaneously in good health
(1 − B (h)) or in bad health ( B (h)) where bad health is weighted by a membership function such that a person status can vary to a certain extent between on a continuum of degrees of bad health.
Definition 1 Let Ξ be the set of membership functions B (h) which are continuous, differentiable and non-increasing.
In order to define the fuzzy set of individuals in bad health, the membership function must be drawn in Ξ. This implies that an individuals with higher h are less likely to be considered as being in bad health.
The crisp definition of the set of individuals in bad health given in equation (2) Definition 2 Let Ξ be the subset of Ξ for which
To build this membership function one has to find the correspondence between the value of the health index used and the adjectives "good" and "bad" health status. This is not an easy task since it involves normative judgement on what is to be considered a bad health status. In this context, it may be argued that differences in value judgement will result in differences in the mathematical specification of this membership function. For the time being we will abstract from this issue and assume that the membership function has the following simple functional form:
It is important to note that by setting α = 0, we fall back in the standard definition of a crisp set with the membership function taking a value of 1 for all those whose health status is under u + . Also, for any value of α = 0, the membership function B will take a value between 0 and 1.
Using this membership function we would like to measure the incidence of accessibility hurdles . Let h ∈ [h min , h max ] be the health status and c the access to health care such that c ∈ {0, 1}, where c = 1
indicates that the individual has always benefitted from health care when needed and c = 0 indicates that he faced, at least once, an accessibility hurdle. Also, let f (h, c) represent the joint density of individuals characterized by the vector (h, c) then,
indicates the joint cumulative distribution function.
In this fuzzy setting, leakage of a health system may be defined as the share of those who are in bad health who have not access to health care. Formally the leakage index for health system i takes the following form:
One can compute this statistic using the membership function defined in (3). It is important to note that the problem of comparing leakage of two health systems reduces formally to the comparison of joint distribution functions.
Stochastic Dominance Condition
However, one can argue that the comparison of leakages of different health systems may depend on the choice of the membership function. To avoid making particular value judgement on the choice of a particular membership function, we develop a stochastic dominance criterion.
Proposition 1 Let i and j be two health systems. Then L i ≥ L j , for all membership functions B (h) ∈ Ξ if and only if
Proof. Sufficiency can be proved by integrating by parts (5), we obtain
Using this result, the difference in leakage between i and j can be written as
Recalling definition 2 for Ξ, it is easy to see that if
This establishes sufficiency.
In order to establish necessity, we will argue a contrario. Imagine now that
0 on an interval h, h + δ , with δ arbitrarily close to 0. For the proof, we use the following membership function:
where h ∈ [u − , u + ]. Clearly, B (h) ∈ Ξ. Differentiating this function yields:
For B (h) defined as in (8), L i −L j is thus negative. Hence it cannot be that
This proves the necessity of the condition.
This proposition enables us to identify situations in which the leakage ordering of two health care system is robust to changes in the membership function, provided this function respects definition 2. In some cases the dominance test fail over an initial range of health status h ∈ [u − , u + ]. In this case one may estimate critical bounds for a constrained health status range u min , u max which is more restrictive
. This implies that, in case of a restricted dominance result, the results do not hold for membership functions for which the fuzzy frontier is wider than the restricted domain. Consequently, one can either restrict the upper bound, the lower bound or both. When the restriction is only the upper bound, this critical bound is given by
When the restriction is on the lower bound, the corresponding critical bound is given by
Finally, when there is joint restriction on the two bounds, the lower and upper critical bounds are given by the joint solution of those two equations:
Empirical illustration
In this paper, the health index that we use is the Health Utility Index Mark 3 (HUI3), which covers eight attributes: vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain. Each of these attributes has five or six levels where each attribute score ranges from 0 (for instance blind for vision) to 1 (perfect vision). The HUI3 ranges from -0.36 to 1, the negative values are there to express a state that is worse than death whereas values of 0 reflect death. In order to associate each value of the HUI3 with an adjective we use the equivalences from Humphries and Van Doorslaer (2000) and set u − = 0.557 and u + = 0.945 (table 1). In our empirical investigation we use this association to write the following membership function: 
Using the information from table 1, we can safely assume that everyone would agree that every individual who is above the higher bound 0.945 is in good health (thus attributed a membership value of 0). Similarly, everyone should agree that every individual below the lower bound 0.557 is in bad health (thus attributed a membership value of 1). Finally, all those who are in between the two bound will have a membership function between 0 and 1. As we vary the value of α we vary the weight that we put on the persons that are away from the lower bound. If α = 0.5, then a individual's weight will remain important even if this later health index is far from the bound u − . This means that the membership function is more sensitive to disease. Conversely, in case α = 2 the individual's weight decays rapidly. Using such a fuzzy membership function allows us to provide a more realistic approach in health status than the crisp definitions. This is the case because individuals who are not in perfect health have different degrees of sickness that are better captured in a fuzzy context. compare the U.S and Canadian health care systems. In this paper we are mainly interested in leakages of the health system therefore our key variable will be constructed using an access variable and the HUI3. 22
Data
Since being sick is not a sufficient condition to seek health care, a person is considered as having an access problem only if she states that she had not received some type of health care when needed. More precisely, for this definition we excluded those who decided not to seek care because they don't like doctors and those who felt it would be inadequate and focus our attention on individuals who did not have access to care for reasons that are not related to preferences.
21 Also, it is important to note that people who are institutionalized are not accounted for. 22 We used the variable that asks individuals whether they feld they needed health care but could not have access.
Results
To measure to what extent the health care system is pervious we compare the membership functions for the US and Canada for different weights values (α = {0.5, 1, 2}). We also perform stochastic dominance tests to check for the robustness of the results obtained. We first focus on the entire population of individuals in both countries and compare their leakages.
The Canadian Population vs US Population
The computed indices in table 2 have lower values for Canada for all values α. This suggests that globally, the Canadian health care system may have less leakage than the US health system. However, as argued earlier these results may not be robust to the choice of the functional form of the membership function. To assess the robustness of the results we conduct a stochastic dominance test. The absence of intersection between the two curves in figure 2 shows that for the Canadian health system there is a stochastic dominance on the entire support. This dominance result is independent of the functional form of the membership function.
The presence of a strict stochastic dominance in leakages in health care can be shaped by many factors.
To investigate the extent to which socio-demographic and socio-economic factors can explain the presence of this strict dominance we decompose our analysis by gender, ethnicity, income quintiles and education level. 23 Poverty line (z)
Comparison by demographic factors

Males Females
There exist a growing literature on the determinants of gender health inequalities. While the reasons behind these inequalities are still unclear, it is clear that such inequalities exist (Bryant et al., 2009 ). The indices reported in table 3 suggest that males have a better access in both countries. Yet, the intersection of the two curves in figure 3 shows that there is no stochastic dominance over the entire support for Canada. Therefore, for all the membership functions for which the fuzzy frontier is defined over the interval for [0.557,0.633], women are better off in Canada. On the remaining part of the support (i.e., on the interval [0.633,0.945]) there is less leakage for males in poor health. In the US the results suggested by the indices seem to be robust implying that men in poor health in the US have better access than females in poor health. The stochastic dominance test in figure 3 shows that the results are independent of the choice the membership function for the entire support. Given these gender disparities in access to health care for those who are in need for it, one is inclined to think that gender inequities in health might be partly driven by gender inequities in access to care. The literature on health care access gender inequality is quite limited, most of it is focused in income induced gender health disparities. Whilst, we acknowledge that income related gender health disparities are important, we think that further investigation need to be conducted to analyze gender disparities in access to needed health care. Women may have different medical attention needs and different accessibility constraints than men (e.g., time constraints, family burden). Thus, in order to have a better targeting of public policies it is important to understand the mechanisms that drive such disparities.
Having analyzed intra-country gender driven leakages we focus on inter-country disparities. A comparison between the first panel and the second panel of table 3 suggests that both Canadian women and men are less likely to be disadvantaged by the health care system than their US counterparts. As we can see from figure 4, these gender comparisons are robust to the choice of the membership function over the entire domain. Besides gender, ethnicity is considered to be an important determinant of disparities in general and health disparities in particular. The indices in table 4 reveals that non-whites are less likely to leak from the health care system in Canada than whites. One possible explanation could be the presence of social network effect. According to Deri (2005) , this effect can be produced through two mechanisms: information or norms. Thus, the concentration of a language or an ethnic group is an important factor in diffusing information or imposing a social norm. A similar story may be at the source of our results.
As for the U.S the results are completely reversed: non-whites are more likely to leak from the health care system. Given the absence of universal health insurance in the U.S different mechanisms can be at the source of this ethnic based inequality in leakages (income, social networks, discrimination). The Poverty line (z)
Non white White
Turning to inter-country comparisons, we notice that non-white people are less likely to leak in Canada than in the U.S. As for white people, it appears that their leakages are quite comparable in both countries.
This may indicate that the universal health care system in Canada provides better access to non-whites in need for health care access. It also raises an important question: can the results obtained at the global level be mainly driven by ethnic disparities? 
Comparison by socio-economic status
Access to health care is often correlated to income. In the absence of a universal health care system one would expect that people from the low income groups will face higher access barriers. To provide a better understanding of the possible socio-economic forces that might be driving the strict dominance of the Canadian health system we first decompose the data by income quintiles then by education level. Given that the sample size is not very large we combine the two lowest quintiles (LQ) in a group and the three highest quintiles (HQ) in another group and compare them. 24 From table 5 it appears that individuals in poor health who belong to HQ are less likely to leak from the health system regardless of their country of residence. Results in figure 7 reveal the presence of a stochastic dominance for both countries. These findings are within the expected line for the US given the absence of a universal health care system. Yet, the stochastic dominance result for Canada is a little 24 A similar pattern will followed for education level. We next consider income driven differences between countries. The estimated indices for LQ in Table   6 suggests that Canada has a lower leakage than the US. This implies that when it comes to vulnerable population in poor health there is less leakage in the Canadian health system. These results seem to be robust to the choice of the membership function. Combining this information with the ones obtained on the country level one might infer that despite the fact that individuals in the HQ are less likely to leak than those in the LQ, the individuals in LQ are less likely to leak in Canada than in the US. The presence of higher income driven access inequalities comes in line with findings by O'Neill and O'Neill (2007) and Van Doorslaer et al. (2006) . Despite the evidence that suggests that leakages the Canadian health care system may be income driven, it seem to perform better in capturing economically disadvantaged people in need for health care. A person in poor health with an income in the lowest two quintiles of the income distribution will be therefore less likely to leak in the Canadian health care system. As for individuals in the HQ, the indices suggest mixed conclusions with the Canadian health system performance slightly better than the US yet, figure 8 does not reveal the presence of stochastic dominance. This means that, for individuals in poor health who are in the HQ, the American and the Canadian health care systems' performance seem comparable. In addition to income, education level is another indicator of the socio-economic status that is often used in the literature. To explore this dimension, we partition the population in two groups, individuals with high school or less (HS) and individuals with postsecondary education (PS). figure 9 show that leakages are clearly associated with low education level. Having a postsecondary degree in the US provides better access to health care.
This comes in line with the results obtained from the decomposition by income quintiles and are robust to any specified membership function. Focusing on the group of individuals with HS education level, we notice that the indices indicate that Canada has a lower leakage than the US. These results are reinforced by the presence of stochastic dominance depicted in figure 10 . This, once again seems to indicate that the Canadian performs better in capturing vulnerable individuals. A person with an education level of high school or less will be therefore less likely to leak from the net of the Canadian health care system. These results are completely reversed for individuals with PS education level. The estimated indices suggest that the US performs better in capturing individual with postsecondary education. Yet, the crossings in 10 show that these results valid only if we restrict the fuzzy frontier over the interval [0.557, 0.866] . Beyond the upper bound the presence of multiple crossings does not allow us to draw any conclusions.
Conclusion
This paper tackle an important empirical question regarding the comparison of leakages in the American and Canadian health care system. To conduct this study we assume that Canada is a strong counterfactual for the United States and use the HUI3 as well as information regarding unmet health care needs from JCUSH survey. Given the linguistic nature of the health status variable used, we classify individuals according to their health status using a fuzzy set framework. More precisely, we specify a gradual transition between health statuses through a membership function. We then incorporate the specified membership function in a stochastic dominance framework and derive the stochastic dominance criterion using a fuzzy-fuzzy approach.
Stochastic dominance results from inter-country comparisons suggests that on the global level individuals who are in poor health are less likely to have unmet health care needs in Canada. In addition, it appears that there are gender, ethnic and education based disparities in leakages in the U.S. From an intra-country perspective, stochastic dominance results reveal the presence of income driven disparities in both countries yet, these disparities seem to be more accentuated in the U.S. Though, income driven disparities in leakages are less prominent in Canada, the presence universal health care system does not seem to eliminate the income gradient completely.
There are many possible extension for this paper. The stochastic dominance criterion that we derived can be applied to any other continuous health index or health outcome measure such as BMI, birthweight or z-scores. On a methodological level, one can apply a multidimensional fuzzy framework to capture the fuzziness of the substitution between each of the attributes of the HUI3. The stochastic dominance framework for such fuzzy indices are not yet available in the literature. Also, from an empirical perspective it would be important to investigate in details gender disparities in leakages as it is an important dimension of gender based health disparities that is still under-investigated. Also, it would be interesting to assess in depth the extent to which the differences in inter-country leakages are due to ethnicity. Last but not least, further research is needed as far as the mechanisms driving the presence of income based leakages in the Canadian universal health care system. In addition, the implementation of another wave of this survey with a larger sample would enable us to perform detailed analysis and provide a better picture of the differences between the two health care systems.
